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(54) DERIVATIVES OF o-AMINOPENICILLJNS 

(71) We, Beecham Group Limited, a British Company, of Beecham House, 
Great West Road, Brentford, Middlesex, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following statement: — 

5 This invention relates to derivatives of <z-aminopenirilHns and is particularly 

concerned with acyloxymethyl esters of certain «-aminopenicillins and of the con- 
densation products of such o^aminopenicillins with ketones. Such products are of value 
as antibacterial agents, as nutritional supplements in animal foods, as agents for the 
treatment of mastitis in cattle and as therapeutic agents in poultry and animals, 

10 including man, in the treatment especially of infectious diseases caused by Gram- 
positive and Gram-negative bacteria. 

Whilst the compounds of the present invention exhibit the same broad-spectrum 
antibacterial activity as tiie «-aminopenicillins from which they are derived, they 
have an advantage in that they are well absorbed by the oral route in animals and 

15 man, and after absorption hydrolyse to give high blood levels of the appropriate a- 
arninopenicillins. 

According to the present invention there is provided compounds of the general 
formula: — 
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where R is an alkyl, cycloalkyi, alkenyl, cycloalkenyl, aralkyl, aryl or heterocyclic 
group any of which may be substituted and where in (I) X is NH 2) optionally in the 
form of an acid addition sak or a protected amino group of the general formula: — 

1 CH 

(in) (iv) 

5 or tautomeric modifications thereof, wherein the dotted lines represent hydrogen 5 
bonds, R 1 is a lower alkyl group, R 2 is either H or together with R 1 completes a 
carbocyclic ring, R 3 is a lower aJkyl or lower alkoxy group, and Z represents the 
residue of a substituted or imsubsrtituted benzene or naphthalene ring. 

In the present specification the term " lower alkyl " and " lower alkoxy " refer 

10 to groups having from 1 to 6 carbon atoms. 10 
In one of its preferred embodiments the present invention provides compounds 
of formulae (I) and (II) above wherein the group R is methyl or tertiary butyl and 
X is defined as above e.g. X is NH 2 or l-methoxycarbonyIpropyl-2-yl. These compounds 
i.e. the acetoxymethyi and pivaloyloxymethyl esters are particularly valuable in that 

15 the oral absorption characteristics are very satisfactory and high blood levels are 15 
obtained. Particular compounds of the present invention include pivaloyloxymethyl 
and acetoxymethyi 6- [(— )a-ammo^(f-hyd^xyphenyl)acetamido penirillanate and 
pivaloyloxymethyl and acetoxymethyi 6-[2^-dimethyl-5-oxo-4-(f-hydroxyphenyl)-l- 
imidazolidmyl] penicillanate and non-toxic acid addition salts thereof. 

20 The present invention comprehends all those compounds of formula (I) and 20 

formula (II) irrespective of die location of the hydroxyl group in the benzene ring. 
Pref erably, however, the hydroxyl group occupies the p-position on the benzene ring. 
The compounds can exist in epimeric forms, and the preferred epimers are those 
in which the side chain is derived from (— ) a-amino-p-hydroxyphenylacetic acid. 

25 In the compounds of this invention of formulae (I) and (II), the group R is alkyl, 25 

cycloalkyi, alkenyl, cycloalkenyl, aralkyl, aryl or heterocyclic. Examples of suitable 
alkyl groups include straight or branched chain lower alkyl radicals having from 1 
to 6 carbon atoms such as methyl, ethyl, isopropyl, »-butyl, sec-butyl or fer*-butyl, 
pentyl or hexyl. Suitable cycloalkyi groups include cyclopentyl, cyclohexyl, I- 

30 adamantyl, cycloheptyl and cydohexylmethyl while suitable cycloalkenyl groups in- 30 
dude cydopentenyl and cyclohexenyl. Examples of suitable aralkyl groups indude 
benzyl, phenylethyl and phenylpropyl and suitable aryl groups include phenyl or 
substituted phenyl, 1- or 2-naphthyl or substituted naphthyl. Suitable heterocyclic 
radicals indude pyridyl, pyrazinyl, pyrimidinyl, thienyl, furyl or isoxazolyL 

35 One method of preparing the esters of the present invention is to treat a salt (e.g. 35 

die Na or K salt) of the appropriate penidllanic acid (V) or (VI) with the appro- 
priate acyloxymethyl bromide or chloride (VII: Y=Br or CI) in an organic solvent 
such as acetone or dimethylf ormamide : — 

^ VCH.CO.NH.CH— CH VcH, 
=^ I J J j (V) 

X CO— N — CH. COO H 
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(VI) 
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(VII) 



An alternative way of making esters of general formula (I) it to treat the appro- 
priate acyloxymethyl 6-aminopenicillanate (VIII) with a carboxyl activated derivative 
of a carboxylic acid of the general formula (IX) wherein M represents an amino group, 
a protected amino group or a group which may subsequendy be converted into an 
amino group. 
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If desired the phenolic hydroxy group may also be protected during the acylation 
step, e.g. as an O-benzyl or O-benzyloxycarbonyl group which is subsequently removed, 
but generally the protection of this group is- not essential. 

/x* J^^£ leS i_° f ^ roXtcXGd amino groups include the protonated amino group 
(M— NH 3 +) which after the coupling reaction reverts to NH 2 on simple neutralisation, 
the beiizyloxycarbonylamino group (M=NH.C0 2 .CH 2 .Ph) or substituted benzyloxy- 
carbonylammo groups which are subsequently converted to NH 2 by catalytic hydro- 
genation, and various groups which after coupling regenerate the amino group on mild 
acid or alkaline hydrolysis. 

Examples of the group M which may subsequently be converted into NH 2 by 
mild acid hydrolysis include enamine groups of general formula (III) and (IV) above. 

Examples of the group M which may subsequently be converted into NH 2 by mild 
alkaline hydrolysis include 2-sulphonyl substituted ethoxycarbonylamino groups 
R.S0 2 .CH 2 .CH 2 .0,CO.NH— , wherein R represents a substituted or unsubstituted 
alkyl, aralkyl, or aryl group. 

Another example of a group M which can be converted into NH 2 after coupling 
of the acid (II) with 6-aminopenicillanic acid is the azido group. In this case the 
final conversion into NH 2 may be brought about either by catalytic hydrogenation or 
by electrolytic reduction. 

In carrying out the coupling of the acid (IX) to the peniciUanate (VIII) the 
choice of activating group for the carboxyl function will be influenced by the chemical 
nature of the a-substituerit M. Thus,- when M is an acid-stable group such as the 
protonated amino group NH 3 + or the azido group, it is often convenient to convert 
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the acid (II) into an acid halide, for example by treating it with tMonyl chloride 
of phosphorus pentachloride to give the acid chloride. £ 

Such reagents would however, be avoided when M is an aad-Iabile group ot type 
am or (IV), in which case it is often convenient to make use of a mixed anhydride. 
5 For this purpose particularly convenient mixed anhydrides are the alkoxyfonmc an- 
hydrides, which are conveniently prepared by treating an alkali metal or tertiary amine 
salt of the acid (II) with the appropriate alkyl chloroformate in an anhydrous medium 
at or below room temperature. Other ways of activating the carboxyl group mclude 
reaction with a carbocUimide to give a reactive O-acyl isourea or reaction with 
10 carbonyldiimidazole to give a reactive imidazolide. These latter derivatives, like the 10 
mixed anhydrides, are relatively unstable substances and hence are not usually isolated, 
the reaction with 6-aminopenicillanic acid being carried out in situ. 

Another reactive derivative of «-ammo-/>-hydroxyphenylacenc acid useful m 
the preparation of the compound of the present invention is the Leuchs anhydride. 
15 In this structure the group which activates the carboxyl group also serves to protect 15 

the amino group. . , . , 

Esters of general formula (I) where X=NH 2 may be converted into the corres- 
ponding intidazolidinone (II) by reaction with acetone, preferably present in excess, 
in neutral or basic conditions (e.g. (I), X=NH 2 may be set aside overnight in acetone 
20 containing triethylamine as a catalyst). The reaction with acetone is reversible so in 20 
the bloodstream (II) will loose acetone and generate (V), X=NH 2 via either (VI) or 
(I), X=NH 2 . m 

The following Examples illustrate the invention : — 

Example 1 

ig Acetoxymethyl 6-.[(-)N-(l-methoxycarbonylpropen-2-yl) a-amino-a (p-hydroxy- 25 

" phenyl)acetamido]penicillanate. 

(a) Resolution of ^b^loxy^bonylainmonoKP-hy^^enyl^c^c acid 

A solution of the tide add (224 g) and quinine tnhydrate (285 S) "^J^S 
ethanol (2.5 L) was allowed to cool. The crystals which separated were collected and 
*n recrystallised twice from ethanol to give a 76% yield of the quinine salt of the 30 
30 kevorotatory add W>- 158.5° (C, 1 in MeOH). Treatment of the quinine salt 
(68 g) with dilute sodium hydroxide, removal of quinine by eAer-extraction, and 
addification of the aqueous solution gave the laevorotatory add. This was crystallised 
twice from aqueous ethanol to give 28 g. (85%) I of (-) ~^kxyrabonyhn^ 
^(p-hydroxyphenyl) acetic add m.p. 159—161° C, H D I8 -.120.0° (C, 1 in MeOH). 35 
(Found: C, 64.1; H, 52; N, 4.7. C 24 H 21 NO, requires C, 63.9; H, 4.9; N, 4.7%). , 
The mother liquor from the crude quinine salt was evaporated to dryness in 
vacuo to leave a syrup which was treated with aqueous sodium hydroxide and the 
quinine removed by ether-extraction. Addification of the aqueous layer gave the crude 
dextrorotatory add (108 g.) which was collected, dried, and treated with ephednne 40 
(63 g.) in boiling ethanol (450 ml.). On cooling the solution the ephednne salt of the 
dextrorotatory add separated, and was collected and recrystallised from ethanol. Yield 
111 fr, [«V l +46.8° (C, 1 in H s O). The add was recovered from this salt in the 
usual way to give (+)^l)enzyloxycarbonylammo-p-hydroxyphenylareQc jiad (96/,) 
which, after recrystallisation from 50% aqueous ethanol, had m.p. 158— 161 c, 
Lxjfx +120.2° (C, 1 in MeOH). (Found: C, 64.1; H, 5.3; N, 4.8. C^HmJNU, 
requires C, 63.9; H, 4.9; N, 4.7%). , 

(b) Preparation of (-) a -amino-«-ft>-hydroxyphenyl)acetic acid 

A suspension of (-Wbenzyloxycarbonylanimo-«-(p-hydroxyphenyl) acetic acid 
50 (21.8 g.) in water (180 ml.) was treated with dilute sodium hydroxide solution to give 50 
a dear solution of pH 8.7. 5% Palladium on caldum carbonate catalyst (22 g.) was 
added, and the mixture was shaken in hydrogen at atmospheric pressure until no 
more gas was absorbed. The catalyst was filtered off through a pad of taesdguhr and 
washed with water. The combined filtrate and washings were adjusted to pH 5.0 and.. 
55 the solution was evaporated in vacuo to small bulk. The crude product separated as a 55 
gelatinous predpitate which redissolved when the mixture was boiled. Colourless, 
crystalline f-W-amino^(p-hydroxyphenyl)acetic add separated when the solution 
was cooled. It was collected, washed with a little cold water, and dried m vacuo over 
phosphorous pentoxide. The yidd was 10.1 g. (83%), m.p. •225-226° [«] D -108 
60 (c, 1 in H 2 0). (Found: C, 57.2; H, 5.4; N, 8.3%. C 8 H,N0 3 requires: C, 57.5; H, 60 
5.4; N, 8.4%). NJV1.R. (D 2 0+NaOD): multiplet centred on 3.15 (4H, aromatic), 
singlet 5.8. (1H N—CH). . .. . .. 
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(c) Preparation of sodium (— >N-(l-methoxycarbonylpropen-2-yl)no:-amino^-(p- 
hydroxyphenyl)acetate 

Methanolic sodium hydroxide (60 ml. 0.324N, 0.0195 mole) was added to 
(-)^amino^(p-hydroxyphenyl) acetic acid (3.4g. 0.02 mole) and washed in with 

5 methanol (20 ml.). When the suspension was heated almost to bailing a clear solution 5 
was obtained, but at reflux the crystalline sodium salt of the amino-acid separated. To 
the stirred, boiling suspension was added during 10 minutes methyl acetoacetate (2.4 
ml., 0.022 mole) in methanol (20 ml.). After a further 20 minutes boiling a clear 
solution resulted and this was boiled for 20 minutes longer. The methanol was 

10 distilled off (bath temperature 130°) and. replaced simultaneously at the same rate 10 
with dry toluene. When 90 ml. toluene had been added a white crystalline solid 
separated. The process was continued until the distillation temperature reached 100° 
and 170° mL toluene had been added. The suspension was kept overnight at 5°, 
then the product was collected, washed with dry toluene, and dried in vacuo at 40° 

15 over phosphorus pentoxide. The yield of sodium ( — )-N-(l-methoxycarbonylpropen-2- 15 
yl)^amino^(p-hydmxyphenyl)acetate was 4.5 g. (95%) Found:. C, 54.35; H, 4.9; 
N, 4.9%. C I8 H I4 N0 5 Na requires C, 54.4; H, 4.9; H, 4.9%). I.R. (Nujol): 
3,300cm- 1 (N— H— ), 1655cm- 1 (C=0— ), 1560cm" 1 (COO-). 

(d) Preparation of potassium 6-aminopenicillanate 

20 A solution was prepared from 6-anrinopenidllanic acid (4.32 g., 0.02 mole), waiter 20 

(50 ml.), and sufficient potassium hydroxide solution to bring the whole to pH 7.8. 
Acetone (80 ml.) was added, and the mixture cooled to — 10°. 

(e) Preparation of potassium 6- [ ( — )-N-(l-methoxyc^bonylpropm-2-yl)^-amino-o^ 
(p-hydroxyphenyl)acetamido] penicillanate 

25 Dry acetone (50 ml.) was stirred and held at —10° to —8° whilst ethyl chloro- 25 

formate (2.0 ml., 0.021 mole) was added, followed by a 1% solution of N-methyl- 
morpholine in acetone (3 ml.). Sodium (— )N-(l-methoxycarbonylpropen-2-yl)-<e- 
amino^^hydn>xyphenyl)acetate (5.74 g., 0.02 mole, prepared as described under 
(c), was added and washed in with ice-cold dry acetone (20 ml.). The mixture was 

30 stirred at —10° for 30 min. cooled to —25°, and filtered through kieselguhr. The 
filtrate was added to the stirred cold (—10°) solution of potassium 6-aminopenicil- 
lanate prepared as described under (d). The clear solution was stirred without external 
cooling for 30 min. and then evaporated to dryness under reduced pressure at a 
temperature below 20°. The residue was dried in vacuo over P 2 0 5 , then stirred with 

35 dry methanol (70 ml.) and filtered (charcoal and kieselguhr) to remove a little solid. 35 
The filtrate was treated with isopropanol (250 mL) and cooled to 5°, whereupon 
colourless crystals of potassium 6-( — )-N-(l-methoxycarbonylpropen-2-yl)-a-amino- 
■a-(p-hydr<xxyphenyl) acetamido] penicillanate separated. This product was collected 
washed with dry ether, and dried in vacuo. Yield 3.5 g. (Found: C, 49.3; H, 52; 

40 K, 7.6; N, 8.3; S, 6.4. QnH^KNsO.S, 1/2 H 2 0 requires C, 49.4; H, 4.9; K, 7.7; 40 
N, 8.3; S, 6.3%). 

(f) Preparation of acetoxymethyl 6- [(--)N-(l-methoxycaibonylpropen-2-yl)^amino- 
o(p-hydroxyphenyl)acetamido] penicillanate 

The potassium salt, prepared as described under (e) above, mixed with dry 
45 acetone (20 ml.) was treated with the equivalent quantity (1.05 g.) of bromomethyl 45 
acetate and stirred at room temperature for 1 hour. The mixture was then filtered 
through kieselguhr to remove potassium bromide and the filtrate was poured into ice- 
water (120 ml.). The amorphous product which separated was collected, washed 
with cold water and dried over P 2 O ff in vacuo to give the required acetoxymethyl 

50 ester - ^ 50 

Example 2 

Acetoxymethyl 6- [ ( — )a-amincH^(p-hydroxyphenyl)acetamido] penicillanate 
Acetoxymethyl 6-[(— )N-(l-methoxycarbonylpropen-2-yl) a-amino-or-(p-hydroxy- 
phenyl)acetamido]peaitillanate (5.35 g. 0.01 mole), prepared as described under 

55 Example I (f), mixed with water (40 ml.) and methyl isobutyl ketone (40 ml.) was 55 
cooled to 5° C. With vigorous stirring, the mixture was adjusted to pH 0.9 and 5° C 
for 75 min. by the addition of further hydrochloric acid when necessary. The layers 
were separated and the aqueous layer washed with methyl isobutyl ketone (10 ml.) 
and residual solvent removed in vacuo. The aqueous solution was cooled to 5° C, 

60 adjusted to pH 7.5 with 10% sodium hydroxide solution and extracted with ethyl 60 
acetate (3 x 30 ml.). The combined organic extracts were dried over anhydrous mag- 
nesium sulphate and evaporated under reduced temperature and pressure to give 
the required penicillin ester. 
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Example 3 

Acetoxymethyl 6-[2>dimethyl-5^xo-4^-hydrox^^ penial- 

lanate 

(a) A suspension of 6- (-^amino-^hydroxyphenykcetamidol-peni acid 

ic (5 0 g.) in acetone (40.0 ml.) was treated with triethylamine (3.6 ml.) and the mixture 5 
was stirred at room temperature for 24 hours. The supernatent solution was decanted 
from some insoluble gum and the solvent was distilled off in vacuo. The resulting 
glassy solid was dissolved in water (10.0 ml.) and the solution was adjusted to pH 

2 5 by the addition of 5N hydrochloric add. The resulting crystalline product was 

10 collected and dried in vacuo to give 6-[22-dimethyl+(p-hydroxyp^ 10 
imidazolinyl]penidllanic acid (2.2 g.), m.p. 198° (decomp.) (Found: C, 56.0; H, 5.8; 
N, 10.1. C 10 H 23 N 3 O 5 S requires Q 56.3; H, 5.7; N, 10.4%). m m 

(b) 6- [2 3 2-Dimethyl-5-oxo-4-(p-hydroxyphenyl)- l-umdazolidinyl] pemcillanic aaci 
(4 05 g. 0.01 mole, prepared as above, mixed with dry acetone (25 ml.) was treated 

l*; with triethylamine (1.4 ml), followed by bromomethyl acetate (1.53 g. ? 0.01 mole) and 15 
stirred at room temperature for 1 hr. The mixture was filtered through faeselguhr and 
the clear filtrate poured into ice water (150 ml.). The amorphous product which 
separated was collected, washed well with water and dried over phosphorous pentoxide 
in vacuo to give the required ester. 

20 Exampus 4 20 

Pivaloyloxymethyl 6^{(— )a-amino-^(p-hydroxyphenyl)acetamido] -pemcillanate 

hydrochloride 

Crystalline pivaloyloxymethyl 6-aminopenicillanate p-toluene sulphonate (14.6 g 
0.029 mol.) in ethyl acetate (707 mL) was treated with a solution of 2% sodium 
25 bicarbonate (455 ml.) and well stirred. The organic layer was separated, washed with 25 
water, dried over anhydrous magnesium sulphate and evaporated in vacuo to give a 

residual oiL . , . , ] n 

Sodium (-)N-(l-metno3ycarbonylpropen-2-yl) a-amino-a-Cp-hydroxyphraylj 

acetate (17 g. 0.059 mol.), prepared as in Example 1 (c) above, in ethyl acetate (236 

mL) was cooled with stirring to -15° C and treated with N-methylmorpholme 30 

(0296 ml.) and ethyl chlorofonnate (5.66 mL 1 equiv.). The mixture was stirred at 

-15° C for 6 minutes. An ice cold solution of the oily pivaloyloxymethyl 6- 

aminopenicillanate in ethyl acetate (118 mL) was added to the mixed anhydride 

reactioVmixture and the whole stirred at -12° to T 14° C for 10 mmuto foUowri 

,r bv 1/2 hr. at room temperature. The reaction mixture was washed with 10 jn 35 

sodium bicarbonate (59 ml.) followed by water (2 x 30 mL). The organic layer was 

clarified by filtration through Kieselguhr, dried over anhydrous magnesium sulphate 

and evaporated in vacuo to give a yellow foam. The foam was dissolved in acetone 

(118 mL) and water (106 ml.) and stirred while the pH was maintained at 2.5 by 

AO dropwise addition of 5N hydrochloric acid until no more add was required (6.5 mL 40 

of acid added during 20 minutes). The acetone was evaporated m vacuo and the 

residual aqueous phase extracted with ethyl acetate (118 ml.). The organic layer 

was diluted with 40—60° petroleum ether (94 mL) and extracted with water at pH 

3 (30 mL). This aqueous extract, combined with the original aqueous solution, was 

45 treated with solid sodium chloride (28.4 g.) and stirred vigorously. An oily organic 45 
layer was separated and the remaining aqueous phase extracted with ethyl acetate (60 
m.0 The combined organic phases were dried over anhydrous magnesium sulpnate 
and evaporated in vacuo. The residue was dissolved in isopropanol (100 mL), 
evaporated, and the residue redissolved in isopropanol (100 ml.)- The clear solution 
was poured into dry ether (750 ml.) with stirring and the precipitated solid filtered, 50 
washed with dry ether and dried over phosphorous pentoxide in vacuo to give the 
product 13.37 g. (89.1%) as a colourless non-crystalline solid. 

Example 5 

Pivaloyloxymethyl 6-[2,2-dimemyl-5-oxo-4-(p-bydro 

cillanate , 55 

6-[2,2-dimethyl-5-oxo-4-(p-hydroxyph^ 
(16.20 r. 0.04 mol.), prepared as in Example 2 (a) above, in dimethylformamide (120 
ml.) was treated with triemylamine (5.52 mL 1 equiv.), stirred for 5 minutes to effect 
solution and bromomethyl pivalate (7.8 g. 1 equiv.) in dimemyfformamide (20 ml.) 
was added. The solution was stirred at room temperature for 1 hr. A trace of sohd 60 
was removed bv filtration and the clear filtrate poured into tee water (600 ml.). Ine 
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separated solid was filtered, washed well with water and dried over phosphorus 
pentoxide in vacuo to give the product 7.7 g (37.1%) as a pale yellow non-crystal- 
hne solid. 

Exampie 6 

5 Pivaloyloxymethyl 6- [(-)-N-(l-methoxyrarbonylp^ 

phenyl)acetamido] penicillanate 
Sodium 6-[(— >N-(l-methoxycarbonylpropen-2-yl) ^amino-a^p-hydroxy- 
phenyl)acetamido] penicillanate (4.85 g. 0.01 mol.) in dimethylformamide (30 mL) 
was treated with bromomethyl pivalate (1.95 g. 1 equiv.) in dimethylformamide (5 
10 ml.) and stirred for 1 hr. at room temperature. The mixture was clarified by filtration 
and the filtrate was poured into ice water (150 ml.). The separated solid was filtered, 
washed well with water, and dried over phosphorus pentoxide in vacuo to give the 
product 4.03 g. (69.8%) as a colourless non-crystalline solid. 



15 



20 



Example 7 



10. 



me touowing experiment shows that the concentrations of 6-[(— >-armno-ia-(p- 15 
hydroxyphenyl)acetamido<] penicillanic acid found in the serum of squirrel monkeys 
dosed by mouth with the corresponding pivaloyloxymethyl ester were greater than 
those which resulted from similar administration of equivalent quantities of the free 
acid. Each compound was given orally as a suspension to groups of monkeys in the 
fasting state, the dose being equivalent to 100 mg of free 6-[(->-ammon«-(p- 20 
hyoxoxyphenyl)acetamido] penicillanic acid per kilogramme of body weight. Serum 
samples were taken at timed intervals and assayed for 6- [ ( — )^amino-a-(p-hy droxy- 
phenyl)acetamido]peniciUanic acid content against Sardna lutea. Similar experiments 
were performed with ampicillin and its pivaloyloxymethyl ester, the blood levels 
25 in this case being expressed as concentrations of ampicillin. The four sets of average 25 
blood levels are shown in the table below : — 




/ \/ * 

CH C-CH 



N 



(HI) 



Table 



Cox 
ac 


npound (III) 
Iministered 


Concentration in ng/ml of 
aminopenicillin in serum 


X 


R 


|hr. 


Ihr. 


2hr. 


4 nr. 


6 hr. 


OH 
OH 


CH 2 OCOCCH 8 
H 


22.2 
17.2 


25.4 
15.3 


20.7 
5.6 


6.8 
0.99 


2.2 
0.31 


H 
H 


CH a OCOCCH 3 
H 


11.9 
6.5 


9.0 
9.4 


3.2 
3.1 


0.63 
0.45 


0.15 
0.07 
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Example 8 

(a) Benzoyloxymethyl 6-aminopeniciIlanate p-toluenesulphonate 

^Anmopemcijlanic acid (27 g., 0.125 mol.) in dry acetone (17.3 ml.) was treated 
with methylamine ; (17.3 mL) and stirred for 1/2 hr. at room temperature. The solution 
was cooled to 0° C and bromomethyl benzoate (26.9 g., 0.125 mol.) in dry acetone 



30 
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(54.5 mi.) added and the mixture stirred for 4 hours at 15-20° C A further quantity 
of dry acetone (20 ml.) was added, the mixture poured into dry ether (625 ml.) and 
filtered. The clear filtrate was washed with saturated sodium bicarbonate (62.5 mL) 
followed by saturated brine (62.5 ml.). The solution was treated with a solution 

5 of p-toluenesulphonic acid (15.9 g.) in dry acetone (250 ml.). After stirring for 1/2 
hrsfthe solid product was filtered, washed with ^^f^J^™*?™ Vffi 
the product 16.98 g. (25.9%) as a colourless crystellme sohdM.P. 140-144 C (d). 
Recrystallisation from acetone/ether gave M.P. 139-143° C (d). Found: C, 52.21, 
g^02; N, 5.31; S, 12.71. 'cAC^S, require: C, 52.85; H, 5.02; N, 5.36; 

10 S, 1228%, non.r. (CD s ) 2 SO: 8=1.43 and 1.62 gemdimethyl), S-2.30 

f3Hs p-methyl), 3=4.65 (1H.S.Q proton), 8=5.15 (lH.d. C. proton), 8-5.57 
(1H.A C 5 protJn), 8=6.10 (ks.memylene)/8=7.15 and 7.58 (4H.q. p-substit aroma- 

(b)' B^yfoSu^ 

15 CrSto" benzoyloxymethyl 6-aminopeniciUanate p-toluene sulphonate (10.45 

g., 0.02 mol.) was converted to the free base and reacted with the mixed anhydride 
obtained from sodium (-) NKl-memoxycarbonyl-propen^-2-yl)^animo-«^hydroxy- 
ohenynacmte(11.5 g., 0.04 mol.) as described in Example 4. . 

20 lie final precipitated solid was filtered, washed with dry ether and . dried m 

vacuo to give the product 5.74 g. (53.5%) as a colourless non-crystalhne solid. 

Example 9 

(a) Hexahvdrobenzoyloxymethyi 6-aminopenicillanate p-toluenesulphonate 

W SSpenicillaniclcTd (2i.6 g., 0.1 moL) was reacted with bromom^ylhexa- 

25 hydrobenzoate b.p. 116-121° C/18/19 mm (22.1 g., 0.1 mol.) as described jn 
iLmple 8 (a). The product 8.36 g. (15 8%) was Vi^T^^N? 
soHd m.p. 149--151° C. Found: C, 52.38; H, 6.16; N, S.10; S, 12.63. 
requires: C, 52.26; H, 6.10; N, 5.30; S, 12.13%, n^.r. (C^,) 2 SO 8-230 
(Iks. p-methyl), 8=4.56 (1H.S. Q proton), 8=5.11 (lH-d. Ce proton), *-5J2 

30 (lH.d. C 5 proton), $=5.80 (2H.s. methylene), 8=7.11 and 7.53 (4H.q. p-subsQt 

S^Sahydrdbenzoyloxymethyl 6- [(-^anunc^-hydroxypheny^acetamido] - 

C^SfhSSS^yloxymethyl 6-aminopenicillanate p-toluenesulphonate 
35 C8 99 e. 0.017 mol.) was converted to die free base and reacted with the mixed an- 
hydridt obuuned from sodium (-) N-(l-memoxycarbonyl P ™pen-2-y^a^^ 
hydroxyphenyl)acmte (9.77 g., 0.034 mol.) as d«cribed in Example * The prec^- 
tated soUd was filtered, washed with dry ether, and dried m vacuo to give the product 
5.7 g. (61.8%) as a pale yellow non-crystalhne solid. 

40 Example 10 . 

(a) (3,5 " Dimethylisoxazole-4-carbonyl)oxymethyl 6-aminopeniallanate p- 

acid (5.92 g. 0.274 mol.) was reacted.witii bmmomethyl I 3> 
dimemyHSa?ole-4-carboxylate (6.4 g., 0.0274 mol.) as described in . Example 8 (a> 
45 The product 2.95 g. (19.9%) was isolated [as a colo^less^stelhne ^d ^142- 
146° C fd). Found: C, 48.10; H, 4.97; N, 7.52; S, 12.04. C 2 2 H 27 0,N S S 2 requires. 

*3&iS« 

S m (3>DimethyUsoxazole-4^arbonyl)oxymethyl 6- [(-Vammo-oKp-hydresy- 
ohenvDacetamidolpenicillanate hydrochloride . _ 

CraSine (3 ) 5Xemyhsoxazole-4-carbonyl)oxymethyl 6-ammopemcmanate P- 
55 toIuenSilphouate 2.71 g., 0.005 mol.) was converted to me ^ base and reacted 
55 Si the P mixed anhydride from sodium (-) N-(l-^mo^«ut,ony g^2-g>- 
aminoWp-hydroxyphenynacetate (2.87 g., 0.01 mol.) as dKcribed in Example 4. 
Th^ptec^imed solid w^s filtered, washed with dry ether and dried m vacuo to give 
the product 1.38 (49.7%) as a colourless non-crystalline solid. 
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Example 11 

Propionyloxymethyl 6[(— )a-amino^a<p-hydrovyphenyl)-acetamido]penid^ 
hydrochloride could be prepared by the general procedure of Example 8, but starting 
with bromomethyl propionate instead of bromomethyl ben2oate. Similarly isobutyryl- 
oxymethyl 6[(— )a^animoHa(/>-hyaroxyp^ hydrochloride 
could be prepared from bromomethyl isobutyrate, (2-ethymexoyl)-oxymethyl 6[(— )a- 
amina^(p-hydroxyphehyl)-acetamido]pem hydrochloride could be prepared 

from bromomethyl 2-ethylhexoate, and pnenylacetoxyraethyl 6 [(~)fr-amino-«(p- 
hydroxyphenyl)-acetamido]penidllariate hydrochloride could be prepared from bromo- 
methyl phenylacetate. 
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Example 12 

Pivaloyloxymethyl 6- [ ( — )«-anuno^(w-hydroxyphenyl)-acetamido ] peniriUanate 
hydrochloride could be prepared by the general procedure of Example 4, but using 

sodium (~)N-(l-memoxyc^bonylpropen-2-yl)a-ammo^?7z-hydbroxyphenyl) acetate in 
place of the p-hydroxy isomer. 
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Example 13 

The average concentrations of 6[(— )o-ammo-«(^hydroxyphenyl(acetaniido]peni- 
cillanic acid and of 6 [( — )o^ammo-phenylacetamido] penicillanic acid produced in the 
blood serum of two animal species following oral administration of the corresponding 
pivaloyloxymethyl esters were compared. Each ester was given by mouth to groups 
of rats (Sprague-Dawley CFY strain) or beagle dogs, the dose being equivalent to 
100 mg. of the free amino penicillin per kilogramme of body weight. Serum samples 
were withdrawn at timed intervals after dosing, microbiological assay against Sardna 
lutea giving the mean results tabulated below. In both species the p hydroxy com- 
pound generally gives rise to higher serum levels than its unsdbstituted analogue, the 
difference being particularly marked some hours after dosing. 1 
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Animal 


Subsutuent in 


Concentration in ng/ml of 
aminopenicillin in serum . 


species 


benzene ring 




lhr. 


2hr. 


4hr. 


6hr. 


Rat 
Rat 

■ 


p Hydroxy 
None 


2.2 
4.3 


3.9 
3.9 


4.2. 
1.9 


1.9 
1.04 


1.37 
0.65 


Dog 
Dog 


p Hydroxy 
None 


6.1 
4.0 


8.6 
3.9 


8.4 
1.4 


3.4 
0.31 


1.9 
0.06 
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WHAT WE CLAIM IS : — 
1. A compound of the general formula : 

^^V-CH.CO.NH. 

X 




0) or 



co-N — ch.co a c^o.co. ft 



HO 



(n) 



\ / III 

SS may £ »SS» ^t«^»M 
addition salt, or a protected amino group of the general formula:— 



i 
t 





(ni) 



(IV) 
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or tautomeric modifications thereof, wherein the dotted lm^ represent hyd^JbOTds 
R 1 Slower alkyl group, R 2 is either H or together with completes a crtmydic 
ring, R 3 is a lower alkyl or lower alkosy group, and Z represents the residue of a 
substituted or unsubstituted benzene or naphthalene ring. 
l0 2 A expound according to claim 1 wherein the phenohc hydroxyl group is in 10 

*Tf2^£SKS5ta 1 wherein X is me 1-memoxycarbonylpropen- 

2 " yl f? compound according to any one of claims 1 to 3 wherein R is lower alkyl 

15 having from 1 to 6 carbon atoms. . _ . . , 

navmg ^ mp(nmd according t0 ^ one of claims 1 to 4 wherein R is methyl or 

tertiary ^utyL accor ding to any one of claims 1 to 5 wherein X is NH 2 . 

7 PiSSSmSl ^^anuno^Cp-hydmzyphenylJac^dolpemculanate ^ 

20 gj^-g^ . 5 - o^hydtoxyphenylH-imidazo- 

25 "^ce^emyl 6**Wi«d*W-o^^ 25 
penicillanate or a non-toxic acid addition salt thereof. 
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